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SUMMARY AND CONCLUSIONS
T issue  fac to r  (TF )  i s  gene ra l l y  cons ide red  to  be  the  ma in  phys io log i ca l  t r i gge r
o f  f i b r i n  Í o rma t i on  i n  no rma l  hemos tas i s .  TF  i s  a  ce l l  membrane -assoc ia ted
prote in that  funct ions as receptor  for  p lasma factor  Vl l  or  the act ivated form;
fac to r  V l l a .  The  TF / fac to r  V l l a  comp lex  can  b ind  bo th  f ac to r  lX  and  fac to r  X  and
act ivates these factors through l imi ted proteolyt ic  react ions.  Because i t  is  not
c lea r  ye t  a t  wha t  s i t es  TF  mee ts  f ac to r  V l l ( a )  on  the  vesse l  wa l l ,  we  have
examined  the  subce l l u l a r  d i s t r i bu t i on  o f  TF  i n  cu l t u red  endo the l i a l  and  smoo th
musc le  ce l l s .
Basal  TF expression in  endothel ia l  ce l l  cu l tures
Ex i s tence  o f  basa l  TF  exp ress ion  by  endo the l i a l  ce l l s  (ECs )  i s  s t i l l  con t rove rs ia l .
TF  canno t  be  de tec ted  i n  no rma l  endo the l i um,  whe reas  sma l l  amoun ts  o f  TF
have  been  obse rved  i n  cu l t i va ted  human  umb i l i ca l  ve in  endo the l i a l  ce l l s  unde r
basa l  cu l t u re  cond i t i ons .
We have demonstrated that  t issue factor  expression in  EC cul tures der ived
Í rom umb i l i ca l  co rd  ve ins  and  a r te r i es  unde r  basa l  cu l t u re  cond i t i ons  i s  as -
sociated wi th contaminat ing smooth muscle cel ls  (SMCsl  (chapter  2)  .  This
f i nd ing  i s  cons i s ten t  w i t h  t he  d i s t r i bu t i on  o f  TF  i n  i n tac t  umb i l i ca l  co rd  vesse l s
where  med ia l  smoo th  musc le  ce l l s  exp ress  TF  un i f o rm lv ,  wh i l e  endo the l i um i s
nega t i ve .  By  us ing  chymot r yps in  i ns tead  o f  co l l agenase  to  i so la te  ECs  f rom
umb i l i ca l  co rd  vesse l s ,  t he  basemen t  membrane  o Í  t he  co rd  vesse l s  rema ined
und i s tu rbed  and  the  number  o f  con tam ina t i ng ,  t i s sue  fac to r  exp ress ing  SMCs
cou ld  be  reduced  to  a  m in imum.  These  da ta  sugges t  t ha t  ECs  do  no t  exp ress  TF
under basal  cu l ture condi t ions,  consistent  wi th prev iously  repor ted ín v ivo
f i nd ings .  Howeve r ,  basa l  TF  exp ress ion  was  s t i l l  de tec ted  i n  chymo t r yps in -
iso lated cel l  cu l tures.  The most  l ike ly  explanat ion seems to be the presence of
rema in ing  sma l l  numbers  o f  SMCs ,  depend ing  on  m ino r  damages  o f  t he  um-
b i l i ca l  co rd ,  p robab l y  ob ta ined  du r i ng  o r  a f t e r  de l i ve ry .
Matrix-associated endothelial TF
ln v ivo and in v i f ro s tudies have demonstrated low levels of  TF act iv i tv  on the
mat r i x  o f  s t imu la ted  ECs ,  sugges t i ng  sec re t i on  t o  t he  subendo the l i um.
We have found that  matr ix-associated TF,  expressed by tumor necrosis  factor-
a  (TNFa) -s t imu la ted  cu l t u red  ECs ,  appea red  to  be  dependen t  on  the  p rocedu re
used to remove the endothel ia l  ce l ls  (chapter  3)  .  Lys is  of  ce l ls  resul ted in  subst-
ant ia l  levels  of  matr ix-associated TF,  whereas mi ld enzymat ic  detachment  oÍ
ECs  resu l t ed  i n  ma t r i ces  v i r t ua l l y  devo id  o f  TF .  E lec t ron  m ic roscop i c  ana l ys i s
showed cel l  membrane Í ragments le f t  behind on the matr ix  aÍ ter  lys is  of  the EC
layers.  Our data showed that  matr ix-associated endothel ia l  TF appeared to
or ig inate f  rom TF present  on EC remnants le Í t  behind on the matr ix  af ter
removal  of  the st imulated EC laver .
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Subcellular distribution of endothelial cell TF activity
Most  TF act iv i ty  was Íound to be associated wi th the cel l  lysate of  s t imulated
ECs (chapter  3) .  A l though a threefo ld rower act iv i ty  was measured on the
sur Íace of  suspended cel ls ,  b lock ing exper iments demonstrated that  mostfunct ional  TF was expressed on the cel l  membrane.  The threefo ld increased TF
act iv i ty  in  lysates is  thought  to resul t  f rom associat ion of  TF wi th anionicphospho l i p i ds ,  no rma l l y  p resen t  i n  t he  i nne r  b i l aye r  o f  i n tac t  ce l l s .
Only t races of  to ta l  ce l lu lar  TFl factor  Vl la  cata ly t ic  act iv i ty  (about  5yo)  werefound  on  the  ap i ca l  s i de  o f  EC  l aye rs .  B lock ing  expe r imen ts  demons t ra ted ,
however,  that  most  TF ant igen was expressed on the apical  s ide oÍ  the cel ll aye rs  (unpub l i shed  da ta ) .  To  fu r the r  exp lo re  t h i s  f unc t i ona l l y  l a ten t  f o rm  o f  TF ,
we  needed  l oca l i za t i on  o f  t he  TF  an t i gen  on  i n tac t  ce l r  l ave rs .
In s i tu  immuno- label ing of  ce l l  layers
we  have  p rov ided  a  s imp le  me thod  Ío r  i n  s i t u  immuno- labe l i ng  o f  l aye rs  o f
cu l t u red  ECs  and  SMCs  ( chap te r  41  . I n teg r i t y  o f  t he  de l i ca te  ce l l  l aye rs  i s  p rese r_
ved  because  l abe l i ng  i s  pe r fo rmed  unde r  s tanda rd  cu l t u re  cond i t i ons  and  ce l llayers remain at tached to the or ig inal  cu l ture substratum dur ing the ent i rep rocedu re .
Subcel lu lar  d is t r ibut ion of  smooth muscle cel l  TF
Because st imulated ECs express low levels of  rF,  we have instead examined
cu l t u red  SMCs ,  cons t i t u t i ve l y  exp ress ing  h igh  rF  l eve l s .  I n  l r ne  w i th  t he  ECdata,  we found that  cata ly t ic  act iv i ty  of  apical ly  formed rFl factor  Vl la  com-p lexes  i nc reased  when  adhe ren t  ce l l s  we re  enzymat i ca l l y  de tached  unde r  con -di t ions in  which cel l  v iabi l i ty  was preserved (chapter  51 .  lmmuno erectron
mic roscopy  demons t ra ted  tha t ,  bes ides  i n te rna l i za t i on ,  TF  rema ined  assoc ia ted
w i th  non -coa ted  f l ask -shaped  i nvag ina t i ons  o Í  t he  ap i ca l  ce l l  membrane  o f  SMClaye rs ,  wh i ch  we re  i den t i f i ed  as  caveo lae ,  a l so  known  as  p lasmaremma ves i c l es .
Fu r the rmore ,  i n  reg ions  o Í  SMC laye rs  i n  wh i ch  i n te rce l l u l a r  con tac t s  we re
In te r rup ted  as  we l l  as  on  suspended  ce l l s  more  open ,  TF -pos i t i ve  caveo lae  were
obse rved .
Subcel lu lar  d is t r ibut ion of  endothel ia l  ce l l  TF and TM
Bes ides  absence  o Í  TF  exp ress ion ,  endo the l i um p reven ts  c l o t  f o rma t i on  bv
cons t i t u t i ve l y  exp ress ing  th rombomodu l i n  (TM) ,  t he  an t i coagu lan t  h igh_a f f i n i t y
recep to r  f o r  t h romb in .  cy tok ines ,  i nc lud ing  TNFa  a re  t hough t  t o  t r i gge i
coagu la t i on  by  i nduc ing  syn thes i s  o f  rF  as  we l l  as  downregu la t i on  o f  rM .  l n  l i ne
wi th the sMC data,  we found that  besides in ternal izat ion of  rF and rM, both
factors remained associated wi th caveolae present  on the apical  sur face of









oÍ  the cel l
r rm oÍ  TF,
f  layers oÍ
s rs  preser-
rs  and cel l
the ent i re
examined
th the Ec
V l l a  com-
rnder con-
o e lect ron
associated






to t r igger
-M .  I n  l i ne
TM, both
;ur face of
Cell detachment-induced changes in SMC TF distribution
We fur ther  found that  ce l l  detachment  prevented internal izat ion of  SMC TF
and funct ional  TF/ factor  Vl la  complexes (chapter  71 . ln  addi t ion,  Í la t tening of
TF-posi t ive caveolae could be observed on detached cel ls .  l t  is  tempt ing to
speculate that  the increased TFl factor  Vl la  act iv i ty  is  re lated to Í la t tening of  TF-
posi t ive caveolae on detached cel ls .  Our f ind ings support  the idea that  d isrup-
t ion of  a cel l -ce l l  contact  between two TF-expressing cel ls  resul ts  in  increased
avai labi l i ty  of  TF at  that  s i te ,  possib ly  due to impaired in ternal izat ion and/or  f la t -
tening of  TF-posi t ive caveolae.  The supposed system may be important  in
local izat ion of  c lots  to in jured vessel  wal l  s i tes.
Considerations
Al though we have demonstrated that  TF expression under basal  cu l ture con-
di t ions is  associated wi th contaminat ing SMCs, we cannot  ent i re ly  exc lude
levels of  basal  TF expression in  cul tured ECs,  below the l imi t  o f  our  f lowcytome-
t r ic  detect ion (chapter  2) .  ln  addi t ion,  induct ion of  endothel ia l  TF expression by
var ious cul ture condi t ions,  l ike serum, growth factors,  or  t race amounts of  en-
dotox ins have to be excluded before ex is tence of  basal  endothel ia l  TF expressi -
on may be assumed.  Our data point  to  the necessi ty  to ident i fy  ind iv idual  ce l ls
in  EC cul tures.  We used a f lowcytometr ic  method wi th ant ibodies against  EC
von Wi l lebrand factor  and SMC d-act in  that  may be usefu l  to  pract i t ioners of
vascular  ce l l  cu l tures to est imate the amount  of  SMC contaminat ion.  Al ter-
nat ive ly ,  screening for  SMC contaminat ion in  EC cul tures could be accompl ished
more easi ly  by an approach based on the sensi t ive polymerase chain react ion.
We showed an exper imenta l  ar t i fact  under ly ing the observat ions of  matr ix-
associated endothel ia l  fF bhapter  3)  .  l t  appeared to or ig inate f rom TF present
on EC remnants le f t  behind on the matr ix  aÍ ter  removal  of  the st imulated EC
layer .  Our data contradic t  the v iew that  endothel ia l  TF is  actual ly  secreted in to
the matr ix .  TF on/ in  vascular  subendothel ium may represent  TF located on cel l
f ragments or  shed vesic les of  s t imulated ECs.  Al ternat ive ly ,  TF der ived f rom
SMCs or  per ivascular  Í ibroblasts may be d is t r ibuted on vascular  subendothel i -
um. Because st imulated SMCs as wel l  as f ibroblasts express much h igher  TF
levels,  th is  might  be a more val id  explanat ion for  the subendothel ia l  TF found rn
vivo.
Of  par t icu lar  in terest  is  our  f ind ing that  TF appears to be associated wi th cel l
membrane invaginat ions.  ca l led caveolae.  Caveolae were f i rs t  ident i Í ied as a
vesicular  t ransport  system moving molecules across ECs by t ranscytos is  (Palade
and  B runs ,  J  Ce l l  B io l  1968 ;  37 :633 ) .  Add i t i ona l l y ,  caveo lae  have  been  found  to
be s i tes where smal l  molecules are concentrated and internal ized by a process
ca l l ed  po tocy tos i s  (Ande rson ,  T rends  Ce l l  B io l  1993 ;  3 :69 ) .  More  recen t  da ta
have indicated that  a var iety  of  molecules known to Íunct ion in  s ignal  t ransduc-
t i on  a re  en r i ched  i n  caveo lae ,  sugges t i ng  a  ro le  i n  ce l l  s i gna l l i ng  (Ande rson ,  P roc
N a t l  A c a d  S c i  U S A  1 9 9 3 ; 9 0 : 1 0 9 0 9 ) .
The quest ion whether  f  la t tening of  TF-posi t ive caveolea is  re lated to the
increased procoagulant  act iv i ty  found on detached cel ls  has to be answered yet .
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Sev insky  e t  a l .  ( J  Ce l l  B io l  1996 ;  133 :293 )  have  demons t ra ted  fac to r  Xa -
mediated t ranslocat ion of  endothel ia l  TF/ factor  Vl la  complexes in to caveolae
resu l t i ng  i n  dec reased  ac t i v i t y  o f  t he  comp lexes .  l t  i s  poss ib le  t ha t  ce l l  de tach -
ment  inh ib i ts  t ranslocat ion of  TFl factor  Vl la / factor  Xa complexes in to caveolae.
thus  p reven t i ng  downregu la t i on  o f  TF / fac to r  V l l a  Í unc t i on .
At  the end of  the cata ly t ic  react ion,  factor  Xa must  move away so that  the
TF/ factor  Vl la  complex can meet  another  factor  X molecule.  Caveolar  f la t tening
may  resu l t  i n  i nc reased  i ssoc ia t i on  o f  t he  p roduc t .
Our  da ta  a re  a l so  i n  l i ne  w i t h  a  mode l  sys tem,  recen t l y  desc r i bed  by  Bazan
(Na tu re  1996 ;  380 :21 \  and  based  on  a  pape r  o f  Banne r  e Í  a / .  show ing  the
s t ruc tu re  o Í  t he  so lub le  TF i f ac to r  V l l a  comp lex  (Na tu re  1996 ;  380 :41 ) .  l n  t h i s
model ,  TF has to l i f t  the act ive s i te  of  factor  Vl la  to a zone 60-70 À above the
cel l  membrane beÍore exhib i t ing cata ly t ic  act iv i ty  towards factor  X.  l t  has to be
answered whether  f la t tening oÍ  TF-posi t ive caveolae is  essent ia l  Íor  complex
fo rma t i on  be tween  TF / fac to r  V l l a  and  fac to r  X .  By  us ing  l abe led  fac to rs  V l l a
and  X ,  as  desc r i bed  recen t l y  (Nemerson ,  Th romb  Haemos t  1995 ; ' / 4 :1  80 ) ,  i t
may be possib le to address the quest ion whether  f la t tening of  TF-posi t ive
caveolea is  re lated to the increased procoagulant  act iv i ty .
Fur ther ,  co local izat ion wi th s t ructures l ike TM or  speci f ic  absence oÍ  molecules
in  caveo lae  may  have  impor tan t  imp l i ca t i ons  f o r  t he  ba lance  be tween  p ro -  and
an t i coagu lan t  f ac to rs  a t  t hese  s i t es .
I t  seems  o Í  spec ia l  impo r tance  to  examine  the  t rans i t  pa thways  o f  caveo la r  TF .
Schn i t ze r  e t  a l .  ( J  B io l  Chem 1995 ;  27O:1  4399 )  have  shown  tha t  caveo lae
conta in prote ins known to mediate d i f ferent  aspects of  vesic le format ion.  In
add i t i on ,  Con rad  e t  a l .  ( J  Ce l l  B io l  1995 ;  131 :1421 )  have  p resen ted  ev idence
that  caveol in ,  a prote in located on the cytoplasmic face of  caveolae,  cyc les
be tween  the  p lasma  membrane  and  the  Go lg i  comp lex .  The  know ledge  abou t
these  mechan i sms  as  we l l  as  t he  mechan i sms  tha t  regu la te  open ing  and  c losu re
o í  TF -con ta in ing  caveo lae  and /o r  t he  cond i t i ons  t ha t  a re  respons ib le  f o r  i nduc -
t ion of  TF-posi t ive caveolae at  speci f  ic  s i tes l ike cel l -ce l l  contacts may be
essent ia l  Íor  a bet ter  understandinq of  the ro le of  TF in both hemostasis  and
th rombos i s .
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